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I n f r a r e d spectra 
I n t r o d u c t i o n 
The o b j e c t of t h i s r e s e a r c h p r o j e c t was the preparation and 
c h a r a c t e r i z a t i o n of 8 - carboxy i s a t o i c anhydride and the study 
of i t s r e a c t i o n s , leading to the s y n t h e s i s of compounds of new 
composition. 
The proposed path of the s y n t h e s i s was the a c e t y l a t i o n of 
2 , 6 dimethyl a n i l i n e , o x i d a t i o n to 2-acetamino i s o p h t h a l i c a c i d , 
and r i n g c l o s u r e w i t h phosgene to form the d e s i r e d 8 - carboxy 
i s a t o i c anhydride. The route i s summarized as f o l l o w s t 
The preparation of 2-araino i s o p h t h a l i c a c i d has been re p o r t -
ed i n the l i t e r a t u r e , but i t i s not commerically a v a i l a b l e . I t 
can be prepared from 2 ,6 dimethyl a n i l i n e ^ a s shown above or from 
2 , 6 dimethyl nitrobenzene*by o x i d a t i o n to 2 - n i t r o i s o p h t h a l i c a c i d 
followed by reduction to 2-amino i s o p h t h a l i c a c i d as i l l u s t r a t e d 
below; 
1 
Since both of these are commercially a v a i l a b l e and r e l a t i v e l y 
i nexpensive, e i t h e r one could have been chosen as the s t a r t -
ing m a t e r i a l . At f i r s t 2 ,6 dimethyl nitrobenzene was used, 
but s e v e r a l attempts a t o x i d a t i o n l e d only to the recovery 
of inorganic s a l t s . For t h i s reason the route using 2 ,6 
dimethyl a n i l i n e was t r i e d , and, when t h i s s y n t h e s i s was 
s u c c e s s f u l , i t was used e x c l u s i v e l y . 
I t was f u r t h b r proposed t h a t 8 - carbosQr i s a t o i c anhydride 
might undergo a f u r t h e r r e a c t i o n w i t h phosgene. The hydrogen 
atom attached to the nitrogen atom i n i s a t o i c anhydride i s 
l a b i l e . Thus i f i t should r e a c t w i t h phosgene a second r i n g 
c l o s u r e would be obtained as shown i n the f o l l o w i n g scheme: 
However t h i s secondary r e a c t i o n was not detected a t any time, 
and the product formed would probably be unstable. 
A f t e r the s y n t h e s i s of 8 - carbojy i s a t o i c anhydride had 
been confirmed, i t s r e a c t i o n s were studied. 'i/hen attacked by 
n u c l e o p h i l i c reagents, 8 - carboxy i s a t o i c anhydride undergoes 
r i n g cleavage i n a manner s i m i l a r to t h a t i n unsubstituted 
i s a t o i c anhydride. 8 - carboxy i s a t o i c anhydride r e a c t s w i t h 
CoU% :^  
2 
ammonia and a l i p h a t i c and aromatic amines to form 2-amino-3-carboxy 
benzamides; w i t h a l c o h o l s and phenols to form 2-amino-3-carboxy 
benzoates; and w i t h mercaptans and thiophenols to form 2-amino-
3-carboxy t h i o benzoates. These r e a c t i o n s are o u t l i n e d i n the 






These products are a l l compounds of new composition and are 
c h a r a c t e r i z e d f o r p h y s i c a l p r o p e r t i e s and confirmed by a n a l y s i s . 
I n f r a r e d spectra are a v a i l a b l e f o r each compound* 
3 
S y n t h e s i s of 8 - Sarboxy I s a t o i c Anhydrides 
Preparation of 2-acetainino i s o p h t h a l i c a c i d 
2-acetamino i s o p h t h a l i c a c i d was prepared by the o x i d a t i o n of 
2,6 dimethyl a n i l i n e using potassium permanganate i n a magnesium 
s u l f a t e heptahydrate b u f f e r s o l u t i o n . T h i s i s the method used by 
Bogert and Kropff w i t h s l i g h t m o d i f i c a t i o n s . The magnesium s u l -
f a t e b u f f e r keeps the s o l u t i o n s l i g h t l y a l k a l i n e . This method 
i s described f o r small samples ( 5 grams of a c e t y l a t e d amine i n 
100 ml of w a t e r ) , but i t has been found to work b e t t e r when 
l a r g e r samples of a c e t y l a t e d -amine are used w h i l e the volume 
of water i s kept constant. For t h i s reason 25 gram samples 
xwere used. 
Equation: 
Experimental: 25 grams of 2 ,6 dimethyl a n i l i n e i s a c e t y l a t e d 
w i t h excess a c e t i c anhydride to form 2-acetamino m-xylene» 
Nearly 100'^ y i e l d i s obtained. The 2-acetamino m-jylene, 
50 grams of potassium permanganate, and 100 grams of magnesitim 
s u l f a t e heptahydrate are suspended i n about 250 ml of water i n 
a 2 l i t e r beaker. This r e a c t i o n mix i s heated on a hotplate -
s t i r r e r s e t on low heat u n t i l the r e a c t i o n begins (about 80°C), 
4 
The r e a c t i o n immediately becomes vigorous and the beaker must be 
removed from the hot p l a t e . A f t e r the r e a c t i o n has subsided, a 
second 50 grams of potassium permanganate i s added and the mix 
i s again heated to 80°C and removed from the hot p l a t e . When 
the r e a c t i o n has stopped, the s i d e s of the beaker are washed 
down with water and the mixture i s heated w i t h s t i r r i n g u n t i l 
no pink color remains. The mix i s cooled i n an i c e bath and 
made st r o n g l y b a s i c w i t h 20^ sodium hydroxide. The sludge i s 
s t i r r e d w e l l and su c t i o n f i l t e r e d . I t i s washed s e v e r a l times 
w i t h 20/^ sodium hydroxide and the f i l t r a t e s are saved. F i n a l l y 
the manganese dioxide sludge i s removed fropi the f i l t e r , s t i r r e d 
v i g o r o u s l y w i t h 20'/b sodium hydroxide, and f i l t e r e d . The f i l t r a t e 
contains c o l l o i d a l manganese hydroxide which must be removed by 
g r a v i t y f i l t r a t i o n . The f i l t r a t e i s novi a c i d i f i e d w i t h a c e t i c 
a c i d and since the p r e c i p i t a t i o n i s slow, i t i s allowed to 
stand overnight. A f i n e white powder i s obtained when the mix 
i s s u c t i o n f i l t e r e d and d r i e d . A f t e r r e c r y s t a l l i z a t i o n from 
methanol, the y i e l d i s about 7 grams, which i s about 19^ of the 
t h e o r e t i c a l . The melting point was observed to be 206-208°C, 
The l i t e r a t u r e value i s 205-206°C.'^ I n f r a r e d spectrum of 2 -
acetamino i s o p h t h a l i c a c i d J Experiment #556, I I I , 2/9/65 
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Preparation of 2-amino i s o p h t h a l i c a c i d 
The h y d r o l y s i s of 2-acetamino i s o p h t h a l i c a c i d can be e f f e c t e d 
i n e i t h e r a c i d i c or b a s i c medium. Both methods were t r i e d on small 
samples and i t was found t h a t a c i d i c h y d r o l y s i s was more e f f e c t i v e . 
Equation: 
Experimental: 17 .6 grams of 2-acetamino i s o p h t h a l i c a c i d i s 
placed i n a beaker containing 200 ml. of concentrated hydro-
c h l o r i c a c i d . The mix i s b o i l e d f o r one-half hour on a hot-
p l a t e - s t i r r e r and then cooled i n an i c e bath. The amine 
hydrochloride i s f i l t e r e d o f f , d i s s o l v e d i n 200 ml of water, 
and made b a s i c w i t h 10^ sodium hydroxide. The s o l u t i o n i s 
a c i d i f i e d w i t h a c e t i c a c i d and allowed to stand overnight. 
Nearly a 100^^ y i e l d i s obtained of the white powder, which 
decomposes a t 270°C. 'The l i t e r a t u r e p r e d i c t s decomposition 
above 260°C, I n f r a r e d spectrum of 2-ainino i s o p h t h a l i c 
a c i d : Experiment #556, I V , 2/23/65 
Synthesis of 8 - Garboxy I s a t o i c Anhydride 
Ring closure of 2-amino i s o p h t h a l i c a c i d to produce 8 - carboxy 
i s a t o i c anhydride was e f f e c t e d by phosgene, using dioxane as a s o l -





Experimental: One gram of 2-amino i s o p h t h a l i c a c i d i s made 
in t o a s l u r r y w i t h 10 ml of dioxane i n a 50 ml round-bottom 
f l a s k . Under a closed, w e l l - v e n t i l a t e d hood the s o l u t i o n i s 
saturated w i t h phosgene gas, and then r e f l u x e d f o r one-half 
hour. The s o l u t i o n i s then poured i n t o an ice-water mixture 
and the p r e c i p i t a t e i s f i l t e r e d o f f . The f l u f f y white 
powder i s r e c r y s t a l l i z e d from dioxane. Upon drying and 
exposure to a i r the 8 - carboxy i s a t o i c a n i y d r i d e turns 
y e l l o w , with a s l i g h t green tinge i n s u n l i g h t - and d i s p l a y s 
blue fluorescence i n s o l u t i o n . The y i e l d i s about 40-50'^, 
and the compound decomposes slowly a t 255-25? , turning dark 
red w i t h e v o l u t i o n of a gas. The a n a l y s i s was as f o l l o w s : 
t h e o r e t i c a l carbon 52.18^» hydrogen 2 . 4 ? ^ , nitrogen 6.76^^; 
found carbon 51.96'^, hydrogen 2 .58^, nitrogen 6 .54^, 
I n f r a r e d spectrum of 8 - carboxy i s a t o i c anhydride: 
Experiment #556, V, 3 / I 6 / 6 5 
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Reactions of 8 - Garboxy I s a t o i c Anhydride 
I n 8 - carboxy i s a t o i c anhydride both the number two and the 
number four carbon atoms are s u s c e p t i b l e to n u c l e o p h i l i c a t t a c k , 
due to the e l e c t r o n withdrawal of the carbonyl oxygen atoms. 
carbon atom i s not as s u s c e p t i b l e to a t t a c k because the high 
e l e c t r o n d e n s i t y of the adjacent nitrogen atom reduces the 
p o s i t i v e character of the number two carbon atom. Thus the 
predominant r e a c t i o n i n v o l v e s the attachment of a nucleophile 
to the n\jmber four carbon atom and the e v o l u t i o n of carbon 
d i o x i d e . 
8 - carboxy i s a t o i c anhydride undergoes the same r e a c t i o n s 
as unsubstituted i s a t o i c anhydride, but the r e a c t i o n s are slower 
and r e q u i r e more vigorous c o n d i t i o n s . I t r e a c t s r e a d i l y w i t h 
ammonia and amines to form amides, although the r e a c t i o n i s not 
as f a s t as w i t h unsubstituted i s a t o i c anhydride. Formation of 
e s t e r s and t h i o e s t e r s was much slower than i n unsubstituted 
i s a t o i c anhydride. 
Synthesis of 2-amino-3-carboxy Benzanilide 
Experimental: 0 , 5 grams of 8 - carboxy i s a t o i c anhydride i s mixed 
However the number two a 
8 
w i t h 5 ml of dioxane to form a s l u r r y and 0 . 5 ml of a n i l i n e i s 
added. The r e a c t i o n mixture i s r e f l u x e d f o r 3 / ^ hour. The ,c<*1 
s o l u t i o n i s cooled and, when no p r e c i p i t a t e i s obtained, some 
of the solvent i s b o i l e d o f f under reduced pressure u n t i l a 
pale yellovj p r e c i p i t a t e i s obtained. T h i s product i s r e c r y s -
t a l l i z e d from methanol. .. - • - • - -
2-amino-5-carboxy benzanilide i s a pale y e l l o w powder ^fhieh 
melting a t 247-248°C w i t h decomposition. The a n a l y s i s i s as 
f o l l o w s ; t h e o r e t i c a l carbon 6 5 . 6 3 ^ , hydrogen 4 . 7 2 ^ : found 
carbon 6 5 . 4 3 ^ , hydrogen 4.8o5. I n f r a r e d spectrum: Experiment 
#556. V I , 3/23/65. 
Synthesis o f 2-amino-3-carboxy Methyl Benzoate 5^  j^g QX«c»-i 
Experimental: One gram of 8 - carboxy i s a t o i c anhydride i s sus-
pended i n 10 ml of methanol and a t i n y chip of sodium hydroxide 
i s added as a c a t a l y s t . The mix i s r e f l u x e d f o r f i v e hours, cooled 
i n an i c e bath, and the white c r y s t a l l i n e s o l i d i s f i l t e r e d o f f . 
The product i s r e c r y s t a l l i z e d from methanol. ii»«comes wi-'i.t* 
2-amino-3-carboxy methyl benzoate i s a x^hite s o l i d which 
melts a t 174-175°C. The a n a l y s i s i s as f o l l o w s : t h e o r e t i c a l 
carbon 55.38i^» hydrogen 4 . 6 5 ^ : found carbon S'S'.H'O- ^, hydrogen 
4,7 3 i . I n f r a r e d spectrum: Experiemnt #556, V l l , 4/22/65. 
I S 
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Synthesis of 2-amino-3-ca.r'boxy N-hexyl Benzamide 
Experimental: One gram of 8 - carboxy i s a t o i c anhydride i s placed 
i n a 50 ml beaker and n-hexylamine i s added dropwise u n t i l no 
f u r t h e r e v o l u t i o n of carbon dioxide i s noted. The s o l u t i o n i s 
a c i d i f i e d w i t h a c e t i c a c i d and the white p r e c i p i t a t e i s f i l t e r e d 
o f f . The product i s r e c r y s t a l l i z e d from hot water. 
2-araino-3-carboxy N-hexyl benzamide i s a white powder x^hich 
melts a t 181-182°C. The a n a l y s i s i s as f o l l o w s : t h e o r e t i c a l 
carbon hydrogen Stf'^', found carbon -^''^^ 5^ , hydrogen 
'^• ( ^ • ^ $, I n f r a r e d spectrum: Experiment #556, V I I I , 4/23/65. 
Synthesis of 2-amino-3-carboxy Benzamide 
Experimental: 0 , 5 grams of 8 - carboxy i s a t o i c anhydride i s placed 
i n a 50 ml beaker and concentrated ammonia i s added dropwise u n t i l 
no more carbon dioxide i s evolved. The s o l u t i o n i s a c i d i f i e d w i t h 
a c e t i c a c i d and the white p r e c i p i t a t e i s f i l t e r e d o f f . l^Jhen r e -
c r y s t a l l i z e d from hot water the product becomes yellow, but on 
dry i n g under a heat lamp f o r one-half hour i t becomes white 
a g a i n , ^ 
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2-amino-3-carboxy benzamide i s a white powder x-ihich melts a t 
246-247°C, Three s e t s of analyses were obtained f o r t h i s compound. 
They are as f o l l o w s : 
T h e o r e t i c a l Found 
G 53.33 52.09 50.16 6 3 • 4W 
H 4.47 4 . 6 5 4 . 5 5 k>y<i 
n ' 15 .55 15o05 
I n f r a r e d spectrum: Experiemnt #556, I X A, 4/13/65 and I X B, 4/28/65 
Synthesis of 2-amino-3-ca7'boxy Thio Phenyl Benzoate 
Experimental: One gram of 8-carboxy i s a t o i c anhydride i s mixed w i t h 
10 ml of dioxane to form a s l u r r y and 5 ml of thiophenol are added, 
A t i n y chip of sodium hydroxide i s used as a c a t a l y s t and the r e a c t i o n 
mix i s r e f l u x e d f o r one-half hour, a r e a c t i o n time found s u i t a b l e f o r 
^ -J 
6 - and 7- carboxy i s a t o i c anhydride. The s o l u t i o n i s cooled i n an 
i c e bath and the yellow p r e c i p i t a t e i s r e c r y s t a l l i z e d from methanol. 
The r e s u l t s of a n a l y s i s are as f o l l o w s : 
T h e o r e t i c a l t h i o e s t e r T h e o r e t i c a l 8 carboxy l A Found 
C ' 61.5^ 52.18 57.83 
H 4 . 0 3 2 .43 2.47 
The p r e c i p i t a t e i s b e l i e v e d to c o n s i s t mainly of recovered 8 - carboxy i s a t o i c 
anhydride. I n f r a r e d spectrum: Experiment #556, X A, 4/14/65 
11 
A second one gram sample of 8 - carboxy i s a t o i c anhydride was 
t r e a t e d i n the same manner, except t h a t i t was r e f l u x e d f o r 6 hours. 
A f t e r cooling i n an i c e bath, a y e l l o w p r e c i p i t a t e of unreacted 
i s a t o i c anhydride i s f i l t e r e d o f f . Upon a d d i t i o n of a small a-
mount of water, a yellow o i l i s obtained which becomes c r y s t a l l i n e 
when the dioxane i s b o i l e d o f f . The p r e c i p i t a t e i s r e c r y s t a l l i z e d 
from methanol, 
2-amino-3-carUo3y t h i o phenyl benzoate i s a yellowr powrder which 
melts a t 234-2350C. The a n a l y s i s i s as f o l l o w s : t h e o r e t i c a l carbon, 
61.5^!^, hydrogen 4 . 0 3 ^ ; found carbon ^ hydrogen '•*•"» %, 
I n f r a r e d spectrum: Experiment #556 X B, 4/27/65 
Synthesis of 2-amino-3-Garboxy Phenyl Benzoate y -. 
Experimental: One gram of 8 - carboxy i s a t o i c anhydride i s mixed w i t h 
10 ml of dioxane to form a s l u r r y and 5 grams of phenol are added, A 
t i n y chip of sodium hydroxide i s used as a c a t a l y s t and the mix i s r e -
f l u x e d f o r one hour. The s o l u t i o n i s cooled i n an i c e bath and the 
white s o l i d i s f i l t e r e d o f f and d r i e d . The r e s u l t s of a n a l y s i s are 
as f o l l o w s : 
T h e o r e t i c a l e s t e r T h e o r e t i c a l 8-carboxy l A Found 
C 65.37 52.18 52.08 
H 4.28 2 .43 2 .5^ 
T h i s p r e c i p i t a t e can be seen to c o n s i s t of recovered 8 - carboxy i s a t o i c 
anhydride. I n f r a r e d spectrum: Experiment #556 X I A, 4/14/65 
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A second one gram sample of 8 - carboxy i s a t o i c anhydride was 
t r e a t e d i n the same manner, except t h a t i t was r e f l u x e d f o r 9 hours. 
A f t e r cooling i n an i c e bath a white p r e c i p i t a t e i s obtained, which 
i s r e c r y s t a l l i z e d from methanol, 
2-amino-3-carboxy phenyl benzoate i s a l i g h t yellow powder when 
r e c r y s t a l l i z e d from methanol. I t melts a t 25^-255°C. The a n a l y s i s 
i s as f o l l o w s : t h e o r e t i c a l carbon 65.37^» hydrogen 4.28^; found 
carbon li'fo^ hydrogen *f, y^ '^- I n f r a r e d spectrum: Experiment 
#556, X I B, 4/2/65 
Synthesis of 2-amino-3-carboxy Hexylthio Benzoate 
Experimental: 1 gram of 8 - carboxy i s a t o i c anhydride i s d i s s o l v e d 
i n 10 ml of dioxane and 5 ml o f h e x a n e t h i o l i s added. A t i n y chip 
of sodium hydroxide i s added as a c a t a l y s t and the mix i s r e f l u x e d 
f o r one hour. Upon cooling, a yellow p r e c i p i t a t e i s obtained, which 
i s i d e n t i f i e d from i n f r a r e d s p e c t r a as recovered 8 - carboxy i s a t o i c 
anhydride. For t h i s reason no sample was sent f o r a n a l y s i s and no 
f u r t h e r attempts were made to prepare the compound. I n f r a r e d 
spectrum: Experiemnt #556, X I I , 4/23/65 
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8 - carboxy i s a t o i c anhydride i s prepared by the a c e t y l a t i o n 
of 2 ,6 diemthyl a n i l i n e , o x i d a t i o n by potassium permanganate 
to 2-acetamino i s o p h t h a l i c a c i d , a c i d h y d r o l y s i s to form 
2-amino i s o p h t h l a i c a c i d , and r i n g closure w i t h phosgene 
i n dioxane to form the d e s i r e d compound. 
8 - carboxy i s a t o i c anhydride i s attacked by common nucleophiles 
as i s unsubstituted i s a t o i c anhydride, but the 8 - carboxy 
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